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Description 

Background of the invention 

[0001] The invention relates to a method for produc- 
ing items of composite material, for example fibre rein- 
forced material such as glass fibre reinforced epoxy or 
polyester, which items constitute partly closed struc- 
tures containing cavities, which method comprises 

a) - that the reinforcement material such as fibre 
and/or matrix material, which optionally may be pre- 
impregnated with moulding material, is placed 
around a mould core consisting of an outer part of 
a flexible material and an extractable filling material 
arranged Inside the outer part, 

b) - that the reinforcement material is moulded with 
the moulding material, 

c) - that the composite material subsequently hard- 
ens or cures, and 

d) - that the extractable filling material of the mould 
core subsequently is taken out through at least one 
opening in the flexible outer part of the mould core 
and further taken out through at least one opening 
in the item produced. 

[0002] Different methods for making such items are 
known, which e.g. may be tanks, long pipes, wings for 
windmills and airfoils for aeroplanes. 
[0003] Thus it is known that oblong, partly closed 
structures, e.g. carrier beams for windmill wings, glass 
fibre masts or the like may be produced by winding rov- 
ing tape or roving bundles around a mandrel or core. 
Methods for this purpose are among others described 
in US patents 4,242,160 and 4,381 ,960. 
[0004] Such winding methods have the disadvantage 
that the wound hem after curing normally will appear 
with the raw composite material as the exterior surface, 
which is incompatible with many applications, as for ex- 
ample for windmill wings. Therefore, a satisfactory sur- 
face quality implies a subsequent treatment, e.g. by the 
gluing on of separately prepared shells. 
[0005] Another disadvantage by this method is that 
the winding normally depends on use of a mandrel with 
a certain strength, which it is therefore desirable to re- 
use. In these cases the method can only be used by 
items, the geometry of which allowing the mandrel to be 
removed, which means that the dimensions of the inter- 
nal cross section of the cavity at a given distance from 
the end into which the mandrel is pulled out must not 
exceed the dimensions of any of the intermediate cross 
sections from the place in question and out to the end, 
and in practice and normally requiring a certain slip in 
the mould. Such a method cannot thus be used for e.g. 
tanks or whole windmill wings. 
[0006] US patent 3,988,103 mentions a method of 
winding cylindrical items, where the winding mandrel is 
provided with a longitudinal hinge, and where removal 



of a longitudinal part of the mandrel makes it possible 
to rotate the remaining parts of the mandrel partly 
against each other. Thereby, the mandrel may be pulled 
out, even though the item does not have a slip. However, 

5 the method mentioned can not be used on more com- 
plicated items as e.g. windmill wings. 
[0007] Furthermore, methods are known where e.g. 
tanks made in composite material are wound about a 
hollow core which has been produced in a separate 

10 process. The core may be made in the same composite 
material as the item itself, or It may be made in another 
material. By this method the core remains in the Item 
which may be a disadvantage. Furthermore, there is al- 
so the disadvantage that by this method the wound item 

15 will appear with the raw composite material as surface. 
[0008] Alternatively, the core on which the fibre en- 
forcement of the Item is disposed, may be made so that 
. it can expand later in the process. Thereby the fibre re- 
inforcement may be brought into contact with and con- 

20 solidated to an outer mould, whereby a good surface 
quality can be obtained. 

[0009] Such a method is mentioned in US patent 
5,137,071 , where the inner mould is made in the ther- 
moplastic material ABS , which is softened by high tem- 

25 perature. After placing the inner mould and the fibre re- 
inforcement in the outer mould, the inner mould is heat- 
ed and put under pressure whereby the fibre material is 
consolidated between the inner and outer mould. The 
process Is mostly suited for so-called prepreg materials, 

30 that is fibre materials which are initially impregnated with 
partially cured matrix material and where the further cur- 
ing process is initiated and finished under higher tem- 
perature. Also this method has the disadvantage that 
the inner mould stays in the item. 

35 [001 0] In a method for producing of a wing described 
in US patent 5,547,629, there is used an inner mould 
constituted by at least two resilient parts which substan- 
tially have a shape corresponding to the cavity in the 
completed item, but the dimensions of which are slightly 

40 greater than this cavity. The item laid up in a prepreg 
fibre material which is placed in an outer mould and kept 
in place by the parts of the inner mould which are slightly 
compressed when the outer mould is closed. After cur- 
ing the parts of the inner mould are pulled out by taking 

45 advantage of the transverse contraction of the parts un- 
der longitudinal tension. 

[0011] This method has also the disadvantage that 
pulling out in practise is only possible for an item where 
the dimensions of the internal cross section of the cavity 

so at a given distance from the end of which the mandrel 
is pulled out, must not exceed the dimensions of any of 
the intermediate cross sections from the place in ques- 
tion and on to the end. When performing the method, it 
furthermore has the disadvantage that the outer mould 

55 must be closed against the pressure exerted at the com- 
pression of the parts of the inner mould, whereby it may 
be difficult to maintain the loosely laid, uncured material 
at the desired location. 
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[0012] Furthermore, there is known a method where 
e.g. windmill wings and airfoils for aeroplanes are made 
as shell constructions which are built up ot shell ele- 
ments of composite material. Thus a windmill wing built 
by this method is usually made of two shell halves which 
are joined at the front and back edges by glueing. Fur- 
thermore, the shell halves are normally supported inside 
the cavity of the wing by beams which are also joined 
with shell halves by glueing as the beams are produced 
in U- or l-shape, where flanges of these beams form 
abutment surface with the shell halves. 
[0013] However, it Is a problem by this method that it 
can be difficult to secure a satisfactory quality of the glue 
joints established in the inner of the structure for joining 
the shell halves mutually and for joining possible beams 
with the shell half. Firstly, this is caused by the glue joints 
being provided at the front and back edge and between 
beam and shell, thus establishing a glue joint on the un- 
finished surface of the inner side of the shell lamination. 
[0014] The problem with this joint is that the glue sur- 
face is only defined within a certain greater range of tol- 
erance. To that comes that for the part of the back and 
front edge glueing the shell lamination must be gradu- 
ated towards the edge of the shells when, e.g. by wind- 
mill wings, speaking of shell halves, where the edges 
meet sloping towards each other, so that the glue joint 
can get a fairly uniform thickness. This graduation can 
not always be provided with the necessary tolerances, 
why an actual adaptation will need a working of the join- 
ing surfaces which again will lead to a large rise in ex- 
penses. Secondly, the deformations occurring in the 
wing shells in connection with the small variations In the 
process of production will result in a varying gap in the 
cavity of the item, so that It may be difficult to ensure a 
complete filling up with glue of the space between beam 
and shell. Finally, glue joints are usually difficult to con- 
trol visually as they also are difficult to control by NDT- 
methods (non-destructive testing) because of the grad- 
uated lamination and the irregular geometry of the item. 
[0015] Moreover, WO 85/02365 discloses a method 
for producing an item by a method mentioned by way of 
introduction. This process discloses the fabrication of a 
hollow box structure which could be obtained in one sin- 
gle operation of polymerization and being reinforced 
with slubs of fibres. The reinforcing material and the ma- 
trix material is placed around a mould core consisting of 
an outer part of a flexible material and a filling material 
inside the outer part after the composite material cures 
the filling material is taken out through an opening in the 
flexible outer part of the mould core and further taken 
out through an opening of the item produced. 
[0016] However, this method has a limited possibility 
to choose the form of the items produced. Seeing that 
the filling material of the mould core is provided as a 
rigid, elongated, mandrel it may only be extracted from 
the item if the item is provided with a cavity having a 
tapering cross section along the length. Thus it is im- 
possible to form items having cavities having cross sec- 



tions which decrease in any part in direction of the open- 
ing used to withdraw said filling material. 

General description of the invention 

5 

[0017] The purpose of the invention is to provide a 
method for producing of partly closed items in composite 
materials, such as e.g. tanks, pipes, windmill wings and 
airfoils for aeroplanes where these can be produced 

10 substantially In one piece without glueing and without 
use of a mandrel or core that has to remain inside the 
Item if It does not have a tapering cross section. 
[0018] This is obtained by a method of the kind men- 
tioned in the introduction, which is characterised in that 

is the filling material of the mould core is mouldable, and 
that the filling material of the mould core or mould cores 
comprises a material consisting of parts being substan- 
tially smaller in relation to the extension of the moulding 
core. 

20 [0019] Thus, it is obtained that items constituting part- 
ly and even almost completely closed structures may be 
produced in substantially one piece by means of an ex- 
tractable core, as the filling material of the moulding core 
after finishing is taken out through at least one opening 

25 in the item. These items can have any desired variation 
in cross section along the length as the small mouldable 
parts constituting the filling material may be extracted 
from any cavity of the item produced. 
[0020] Furthermore, as mentioned in claim 2 the f lex- 

30 ible outer part of the moulding core can also suitably be 
taken out through an opening in the item, after the filling 
material has been taken out. 

[0021] In a suitable embodiment of the Invention ap- 
pearing in claim 3, an outer mould is additionally used 

35 for producing the item, so that the item may be given a 
more exact external surface. In this connection, as indi- 
cated in claim 4, the moulding core or cores, when sev- 
eral are used, may be adapted before the outer mould 
is dosed, by rearranging the filling material, in that tem- 

40 plates or the like, for example, are used to determine 
the desired shape. The rearranging is only possible as 
the filling material of the mould core Is mouldable. 
[0022] Furthermore, as indicated in claim 5, an outer 
mould may be used having connection to vacuum and 

45 thus is intended for closed moulding processes such as 
vacuum injection or RTM (resin-transfer moulding), pre- 
preg etc. Hereby the flexible outer part of the moulding 
core, when after closing the outer mould there Is sup- 
plied vacuum to this, will expand and consolidate the 

so fibre and matrix material out toward the outer mould so 
that the finished item is perfectly adapted to the outer 
mould. 

[0023] Moreover, the flexible outer part of the mould- 
ing core may be subjected to pressure after closing of 
55 the outer mould whereby the consolidation of the fibre 
and matrix material is further enhanced. 
[0024] As indicated in claim 6 the flexible outer part 
of the moulding core may be made in plastic, rubber or 
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the like. 

[0025] The filling material in the moulding core may, 
as mentioned in claim 8, be constituted of a material 
consisting of considerably lesser parts as compared to 
the extension of the moulding core, which are thus read- 
ily and easily taken out of the item after finishing, as the 
filling material may suitably be removed by sucking it out 
as indicated in claim 9. 

[0026] As characterised in claim 1 0, the filling material 
may further be constituted by material parts, which are 
connected to a skeleton substantially constituting the 
shape of the cavity or cavities. As the shape of the 
moulding core or moulding cores normally can be made 
hereby only with difficulty so that it corresponds exactly 
to the desired internal shape of the cavity or cavities, 
this embodiment is especially suitable in connection 
with an outer mould connected to vacuum as the mould- 
ing core then will expand and press fibre, matrix and 
moulding material against the outer mould, so that the 
external shape of the finished item will correspond ex- 
actly to the wanted shape. As indicated in claim 11, by 
this embodiment the filling material can be taken out by 
first cutting or the like of the filling material into smaller 
parts which subsequently are taken out through the 
opening or openings in the item. 
[0027] At last the filling material, as characterised in 
claim 8, may be constituted by a material, which is com- 
pressible under vacuum, e.g. foam rubber with open 
cells. The filling material may be worked into a shape 
which in one or more pieces substantially constitute the 
shape of the cavity or cavities. After working, the filling 
material may be placed in one or more closed bags of 
an airtight elastic material, the inner pressure of which 
may be controlled from the outside by a tube connection 
or in another way. This embodiment is especially suita- 
ble in connection with an outer mould connected to vac- 
uum because the bag(s) of the moulding core may be 
brought in connection with the surrounding air with 
greater or lesser pressure and will then expand and 
press the fibre, matrix and moulding material against the 
outer mould, so that the outer shape of the f inished item 
will correspond exactly to the wanted shape. After ter- 
minating the use of the inner mould, low pressure may 
be supplied to the bag(s) of the filling material, whereby 
they will be compressed and may easily be taken out of 
the opening or openings in the Item. 
[0028] In the following the invention will be explained 
further with reference to the drawings, where 

Fig. 1 shows a longitudinal section of the item pro- 
duced by the method according to the inven- 
tion, 

Fig. 2 shows a crosswise section of a mould for per- 
forming the method according to the Invention, 

Fig. 3 shows a crosswise section of the mould with a 
first type of filling material for performing the 
method according to the invention, and 

Fig. 4 shows a crosswise section of mould with an- 



other type of filing material for performing of 
the method according to the invention. 

Detailed description of the invention 

5 

[0029] On Fig, 1 there is shown an item in a longitu- 
dinal section which e.g. may be produced by the method 
according to the invention. The item consists of a shell 
1 constituted by a composite material, such as glass or 
10 carbon fibre reinforced epoxy, polyester or thermoplas- 
tic. Inside the shell there is a cavity 2, and the shell has 
an opening 3 into the cavity. The opening has a width b 
which is smaller than a width B of the cavity in the shell. 
The opening in the Item shown is thus smaller than the 
is internal dimensions of the cavity why such an item can- 
not be moulded in one piece with an internal mandrel or 
core unless the mandrel or core stays in the item after 
finishing. By the method according to the invention the 
item can be made in one piece as explained further with 
20 reference to Rg. 2. 

[0030] Rg. 2 shows a crosswise section of a mould, 
which e.g. can be used for producing the item shown in 
Fig. 1 . The mould shown in Fig. 2 comprises an outer 
mould 4 consisting of a first outer mould part 5 and a 
25 further outer mould part 6 together with a moulding core 
consisting of an outer part 7 containing a filling material 
8. Between the outer mould 4 and the outer part 6 of the 
moulding core a interspace 9 is formed, determining the 
shape of the shell of the finished Item. The shape of the 
30 finished item produced in a mould shown In Fig. 2 will 
be a bit different from the shell shown in Fig. 1 consti- 
tuting a finished item. The shell will always, however, be 
produced with an opening, either during moulding or af- 
ter curing by creating access from the outer side of the 
35 shell and into the cavity in the shell. 

[0031] Rg. 3 shows a section crosswise of a mould 
containing a first type of mould filling material. The 
mould shown in Fig. 3 also comprises an outer mould 4 
consisting of a first outer mould part 5 and a further outer 
40 mould part 6 together with a moulding core consisting 
of an outer part 7 containing the filling material 8. The 
filling material 8 consists of granulate 10 of a material 
suited for producing a shell corresponding to the one 
shown in Fig. 1 . The filling material 8 has a diameter d, 
45 which is less than the width b of an opening in the shell 
desired to be made (see e.g. Rg. 1). Thereby it is pos- 
sible immediately to get the filling material 8 out of the 
shell when this has been made, e.g. by sucking the filling 
material out through the opening. Between the outer 
so mould 4 and the outer part 6 of the moulding core a inter- 
space 9 is formed, determining the shape of the shell of 
the finished item. 

[0032] Rg. 4 shows a crosswise section of a mould 
containing another type of mould filling material. The 
55 mould shown in Fig. 4 also comprises an outer mould 4 
consisting of a first outer mould part 5 and a further outer 
mould part 6 together with a moulding core consisting 
of an outer part 7 containing the filling material 8. Be- 
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tween the outer mould 4 and the outer part 6 of the 
moulding core a interspace 9 is formed, determining the 
shape of the shell of the finished item. The filling material 
8 consists of larger parts 11 of a material suited for pro- 
ducing a shell corresponding to the one shown in Fig. 
1 . The filling material 8 is produced of a deformable ma- 
terial such as a compressible material and has a diam- 
eter D, which is greater than the width b of an opening 
in the shell desired to be produced (see e.g. Fig. 1). 
Thereby it Is impossible to get the filling material 8 out 
of the shell immediately when this has been made. 
[0033] The single parts 11 of the filling material 8 are 
individually connected by a string, a rope, a wire 12 or 
the like. When the filling material 8 should be out of the 
shell, it is possible to pull in e.g. the string 1 2 and in this 
way get the single parts 11 of the filling material 8 out 
by simultaneous deformation and/or compression of the 
filling material, when this passes through the opening in 
the shell (see Fig. 1). In the shown embodiment, the 
string 12 extends out through the moulding parts 5,6. 
Alternatively, the string 1 2 may be kept inside the cavity 
during moulding and only subsequently be passed out 
through the opening being formed in the shell. 
[0034] The making of the shell constituting the fin- 
ished item is normally made in the following way Firstly, 
fibre material is laid in the first (the lowest) outer mould 
part 5 in the required number of layers, which fibre ma- 
terial may be mats or roving. The fibre material may pos- 
sibly be pre-impregnated with moulding material, such 
as polyester or epoxy, which is in a not completely cured 
condition. Normally, the fibre material will not be adapt- 
ed in surface size to the first outer mould part, but will 
be greater so that the excess part hangs outside the 
mould. Matrix material is hereafter possibly placed upon 
the layers of fibre material. 

[0035] The outer part 7 of the moulding core is then 
placed upon the fibre and possibly matrix material in the 
first outer mould part 5. This outer part is bag-shaped 
and made of a flexible material, such as for example 
plastic or rubber. The outer part 7 is filled with f illing ma- 
terial so that it gets the desired shape. This filling mate- 
rial may be a material, which may be readily shaped, as 
for example grainshaped material, sand, granulate or 
material pieces of e.g. foam material. The filling material 
may also be a material with more rigid structure, as for 
example boards, sticks, plate pieces or pieces of wood 
or other materials, which are assembled in the outerpart 
into a skeleton approximately having the desired shape. 
[0036] As aid in placing the filling material so that the 
outer part 7 gets the desired shape, templates, for ex- 
ample, or the like defining the desired shape may be 
used, or the shape may be ascertained by means of 
measuring apparatus of different kinds. 
[0037] When the outer part 7 of the moulding core has 
got the desired shape or approximately the desired 
shape, possible matrix material is placed at first upon 
the uppermost part of the moulding core. Then fibre ma- 
terial, possibly pre-impregnated, is placed on top again 



in that the fibre materia] used in the layers in the first 
outer mould part 5 and hanging outside of this, is now 
bent up and laid upon the moulding core. 
[0038] When the desired layers of fibre material are 
5 laid upon the moulding core, the further outer mould part 
6 is laid on top again, as this together with the first part 
5 of the outer mould form a closed moulding shell. In the 
interspace 9 between the moulding core and the outer 
mould the fibre material now is placed, possibly in a pre- 
io impregnated shape, and possibly matrix material. 
[0039] Vacuum Is now connected to the outer mould 
4 whereby the outer part 7 of the moulding core, which 
is airtight, will expand inside the outer mould and press 
fibre material, matrix material etc. out against the inner 
is side of the outer mould. Before connecting vacuum an 
airtight closure of the outer part 7 of the moulding core 
and of the outer mould 4 Is established. If pre-impreg- 
nated fibre material is used, the moulding material with 
which it is impregnated will now flow outwards so that a 
20 compact laminate is formed and subsequently cured. If 
pre-impregnated fibre material is not used, moulding 
material is supplied to the interspace 9 via inlet openings 
(not shown on the drawing), so that the low pressure in 
the interspace ensures that f ibre material and possible 
25 matrix material is impregnated. 

[0040] Because of the outer part 7 of the moulding 
core is expanding, it is not necessary to give the mould- 
ing core the shape exactly desired when the filling ma- 
terial Is arranged in the outer part. The outer part will 
30 under all circumstances, when vacuum Is added to the 
outer mould, expand and thereby cause the outer part 
of the item to corresponding to the shape of the inner 
side of the outer mould. The bag-shaped outer part of 
the moulding core can therefore also be smaller than 
35 the desired shape if it only can expand sufficiently with- 
out breaking, as ft also may be greater when only the 
excessive material then can be folded together around 
the filling material. 

[0041] After curing the outer part 7 of the moulding 
40 core is emptied from filling material 8 through the open- 
ing or openings 3 present in the finished item. If the filling 
material is grainshaped material, sand, granulate or ma- 
terial pieces of e.g. foam material this may readily be 
taken out through the opening 3, e.g. by sucking it out. 
45 When speaking of sufficiently big items, like e.g. wings 
for windmills, with a sufficiently large opening 3, a per- 
son may possibly even crawl into the moulding core and 
remove the filling material in a suitable way. If the ma- 
terial is with a more rigid structure, as for example 
so boards, sticks, plate pieces or pieces of wood or other 
materials assembled in the moulding core into a skele- 
ton, this is removed by taking the skeleton apart, e.g. by 
cutting up or the like, and removing the bits through the 
opening 3. 

55 [0042] Also here, if the item is sufficiently big, you can 
let a person crawl into the moulding core through the 
opening to ease the taking out of the filling material of 
the moulding core. If the material is of a type that may 
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be compressed, e.g. foam rubber with open cells, the 
material is compressed by evacuation, and thereby eas- 
ily removable, e.g. by pulling the bags in which the ma- 
terial is placed out of the mould with a string after evac- 
uation. 

[0043] Finally, one can also remove the outer part 7 
of the moulding core through the opening, if the outer 
part is to be reused, or if it is undesirable to let it stay 
inside the cavity. If the outer part is made of a suitably 
cheap material, such as for example plastic film one can 
let it stay In the item as well. 

[0044] The described method can also be used for 
Items in which there are more cavities. Only one mould- 
ing core corresponding to each cavity has to be used 
then. As an example one may imagine that in the exam- 
ple shown in Fig. 2 a further moulding core is placed 
upon the layers of fibre material and possible matrix ma- 
terial, which is laid upon the first moulding core, where- 
after the further moulding core is formed by filling with 
filling material. Hereafter, further fibre material and pos- 
sibly matrix material is laid on the presently free surfaces 
of the further moulding core, whereafterthe further outer 
mould part 6 is placed on the top so that the outer mould 
is closed. 

[0045] Furthermore, more than one further outer 
mould part of the may be used as the outer mould can 
be assembled from more than two outer mould parts. 
As the first outer mould part one will usually choose the 
one where it Is best to start the laying of fibre material 
and where one may place the moulding cores in the best 
way under consideration of handling, accessibility and 
stability during production. 

[0046] Furthermore, production of items may be per- 
formed without necessarily having a closed outer mould 
as fibre material etc. only may be laid around one or 
more moulding cores, possibly during use of a first outer 
mould part. By the method there may hereby be manu- 
factured items with an internal shape corresponding to 
the moulding core or the moulding cores. 
[0047] Finally, it is to be noted that the method of 
course may also be used to make items, which also can 
be produced by means of an extractable mandrel, i.e. 
items having at least one opening through which the 
mandrel or the core may be taken out. 



Claims 

1 . Method for producing items of composite material, 
for example fibre reinforced material such as glass 
fibre reinforced epoxy or polyester, which items 
constitute partly closed structures containing cavi- 
ties (2), which method comprises 

a) - that the reinforcement material such as fibre 
and/or matrix material, which optionally may be 
pre-tmpregnated with moulding material, is 
placed around a mould core (7, 8) consisting of 



an outer part (7) of a flexible material and an 
extractable filling material (8, 10, 11) arranged 
inside the outer part (7), 

b) - that the reinforcement material is moulded 
5 with the moulding material, 

c) - that the composite material subsequently 
hardens or cures, and 

d) - that the extractable filling material (8) of the 
mould core subsequently is taken out through 

10 at least one opening in the flexible outer part of 

the mould core and further taken out through at 
least one opening (3) In the Item (1) produced, 
characterised In that the filling material (8, 10, 
1 1 ) of the mould core is mouldable, and that the 

is filling material (8, 1 0, 11) of the mould core or 

mould cores comprises a material consisting of 
parts (10, 11) being substantially smaller In re- 
lation to the extension of the moulding core. 

20 2. Method according to claim 1 , characterized in 

e) - that the outer part (7) of the mould core, 
after the filling material (8, 10, 11) has been tak- 
en out, also is taken out through the opening 

25 (3) in the produced item (1). 



3. Method according to claim 1 or 2, characterized In 
that the placement of the reinforcement around the 
mould core or the mould cores is effected in 

a1 ) - that a part of the reinforcement material is 
placed in a first outer mould part (5) constituting 
a part of a substantially closed outer mould part 
(4). 

a2) - that one or more mould cores (7, 8) sub- 
sequently are placed in the first outer mould (7, 
8) part (5), 

a3) - that further reinforcement material is 
placed around the mould core or mould cores, 
and 

a4) - that one or more further outer mould parts 
(6) are placed in connection with the first outer 
mould part (5) for forming the substantially 
closed outer mould (4). 

4. Method according to claim 3 , characterized In that 
after the placement of the mould core (7, 8) or the 
mould cores in the first outer mould part (5) and be- 
fore the further reinforcement material is placed 
around the mould core or the mould cores then the 
accessible parts of the mould core or the mould 
cores are adapted to the desired shape, preferably 
by means of templates or the like, as the mouldable 
filling material (8, 10, 11) is rearranged inside the 
flexible outer part (7), e.g. by removing or adding 
filling material. 

5. Method according to claim 3 or 4, characterized in 
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that the substantially closed outer mould (4) has a 
connection for vacuum and has one or more inlet 
openings for liquid material, that the outer mould, 
when closed, is put under vacuum and simultane- 
ously liquid material is added for impregnating the 
reinforcement material. 

6. Method according to one or more of the preceding 
claims, characterized in that the outer part (7) of 
the mould core or mould cores are made of one of 
the materials: plastic, solid rubber, foamed material 
or similar elastically deformable material. 

7. Method according to one or.more of the preceding 
claims, characterized In that the filling material (8, 
10, 11) of the mould core being for example sand, 
grainshaped material, granulate or material pieces 
of for example foamed material or the like, such as 
chips, balls, strips or the like. 

8. Method according to claim 1 , characterized in that 
the filling material (8, 1 0, 11) is removed after hard- 
ening or curing of the composite material by the fill- 
ing material being sucked out, 

preferably as the fitling material comprises pieces 
(10) which have a cross section smaller than the 
opening (3) in the item (1) produced, and which 
pieces are sucked out by applying vacuum to the 
cavity, 

alternatively by reducing the volume of the filling 
material (11) by applying vacuum to the cavity, and 
by sucking the filling material out after the volume 
of the filling material has been reduced to a cross 
section being smaller than the opening (3) in the 
item (1) produced. 

9. Method according to claim 1 , characterized in that 
the filling material is removed after hardening or cur- 
ing of the composite material, as a string (1 2) or the 
like being secured to the filling material, and as the 
filling material is pulled out by pulling the string, 
preferably said filling material comprises pieces 
(10) which have a cross section smaller than the 
opening in the item produced, and which pieces are 
interconnected by the string, 

alternatively said filling material being constituted 
by an elastically deformable material (11), and the 
volume of the filling material is reduced to a cross 
section being smaller than the opening (3) of the 
item (1 ) produced, when the filling material is pulled 
through the opening of the item produced. 

10. Method according to claim 1 , characterized in that 
the filling material (8, 10, 11) of the mould core or 
mould cores comprises material parts, such as 
boards, sticks or pieces of wood or other materials, 
which are connected to a skeleton, which substan- 
tially constitutes the shape of the cavity or cavities. 



11. Method according to claim 10, characterized In 
that the filling material (8, 10, 1 1 ) after hardening or 
curing of the composite material is separated 
through said at least one opening in the outer part 

s of the mould core or mould cores, for example by 
cutting up or the like, and is removed through the 
opening or the openings. 

12. Mould to be used at the method according to one 
w or more of the claims 1-11 , which mould comprises 

at least two outer mould parts (5,6), inside which a 
shell constituting a finished item (1) is determined 
to be produced, and which mould also comprises a 
mould core (7,8), characterized In that the mould 

is core comprises an outer part (7) being produced of 
a flexible material, and that a filling material (8) be- 
ing separate and individual in relation to the outer 
part is contained in the outer part, and that the two 
outer mould parts (5, 6) are arranged around said 

20 core thereby forming an interspace (9), determing 
the item (1) to be produced. 

13. Mould according to claim 12, charactetzed in that 
the outer part (7) of the mould core is closed, so that 

25 Us pressure may be adjusted actively, and that the 
filling material (8) comprises a compressible mate- 
rial, which together with the outer part may be com- 
pressed, if the pressure in the outer part is lowered 
beneath the surrounding pressure. 



PatentansprOche 

1. Verfahren zur Herstellung von Gegenstfinden aus 
35 Verbundwerkstoff, zum Beispiel faserverstarktem 
Werkstoff wie z.B. glasfaserverstarktem Epoxid 
oder Polyester, welche Gegenstande teilweise ge- 
schlossene Strukturen bilden, die Hohlraume (2) 
enthalten, welches Verfahren umfasst, 

40 

a) - dass der Verstarkungswerkstoff wie z.B. 
Faser- und/oder Matrixwerkstoff, welcher wahl- 
weise mit Formwerkstoff vorgetrankt sein kann, 
urn einen Formkern (7, 8) herum angebracht 

45 wird, der aus einem auBeren Teil (7) aus einem 

flexiblen Material und einem innerhalb des au- 
Beren Teils (7) angeordneten extrahierbaren 
FOIImaterial (8, 10, 11) besteht, 

b) - dass der Verstarkungswerkstoff mit dem 
so Formwerkstoff geformt wird, 

c) - dass das Verbundwerkstoff nachfolgend 
aushartet oder vernetzt, und 

d) - dass das extrahierbare FOIImaterial (8) des 
Formkems nachfolgend durch mindestens eine 

55 Offnung in dem flexiblen au&eren Teil des 

Formkems und welter durch mindestens eine 
Offnung (3) in dem hergestellten Gegenstand 
(1) entfernt wird, dadurch gekennzeichnet, 
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dass das Fullmaterial (8, 10, 11) des Form- 6. 
kerns formbar ist und dass das Fullmaterial (8, 
10, 11) des Formkerns oder von Formkernen 
ein Material autweist, das bus Teilen (10, 11) 
besteht, die wesentllch kleiner als die Ausdeh- s 
nung des Formkerns sind. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 7. 
zeichnet, 

to 

e) - dass der SuBere Teil (7) des Formkerns, 
nachdem das Fullmaterial (8, 10, 11) entfernt 
wurde, ebenfalls durch die Offnung (3) in dem 
hergesteliten Gegenstand (1) entfernt wird. 

15 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 8. 
kennzeichnet, dass das Anbrlngen der Verstar- 
kung um den Formkern oder die Formkerne herum 
dadurch bewerkstelligt wird, 

20 

a1) - dass ein Teil des Verstarkungswerkstoff s 
in einem ersten auBeren Formteil (5) ange- 
bracht wird, der einen Teil eines im wesentl'h 
chen geschlossenen auBeren Formteils (4) bil- 
det, 25 
a2) - dass ein oder mehrere Formkerne (7, 8) 
nachfolgend in dem auBeren Form(7, 8) teil (5) 
angebracht werden, 

a3) - dass weiterer Verstarkungswerkstoff um 
den Formkern Oder die Formkerne herum an- 30 
gebracht wird, und 

a4) - dass ein oder mehrere weitere SuBere 
Formteile (6) in Verbindung mit dem ersten au- 9. 
Beren Formteil (5) angebracht werden, um die 
im wesentlichen geschlossene auBere Form 35 
(4) auszubilden. 



4. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, dass nach dem Anbringen des Form- 
kerns (7, 8) oder der Formkerne in dem ersten au- *o 
Beren Formteil (5) und bevor der weitere Verstar- 
kungswerkstoff um den Formkern oder die Form- 
kerne herum angebracht wird die zuganglichen Tei- 

le des Formkerns oder der Formkerne an die ge- 
wunschte Form angepasst werden, bevorzugt mlt- *s 
tels Schablonen oder dergleichen, indem das form- 
bare Fullmaterial (8, 10, 11) innerhalb desflexiblen 
auBeren Teils (7) neu angeordnet wird, z.B. durch 
Entfernen oder HinzufGgen von Fullmaterial. 

so 

5. Verfahren nach Anspruch 3 oder 4, dadurch ge- 
kennzeichnet, dass die im wesentlichen geschlos- 
sene auBere Form (4) eine Verbindung fur Vakuum 
hat und eine oder mehrere Einlassoffnungen fur 
Flussigwerkstoff hat und dass die auBere Form, ss 
wenn geschlossen, unter Vakuum gesetzt wird und 
gleichzeitig Flussigwerkstoff hinzugefugt wird, um 
den Verstarkungswerkstoff zu tranken. 



Verfahren nach einem oder mehreren der vorher- 
gehenden Anspruche, dadurch gekennzeichnet, 
dass der auBere Teil (7) des Formkerns oder der 
Formkerne aus einem derfolgenden Werkstoffe be- 
steht: Kunststoff, Vollgummi, Schaumstoff oder 
ahnlichem elastisch verformbaren Werkstoff . 

Verfahren nach einem oder mehreren der vorher- 
gehenden Anspruche, dadurch gekennzefchnet, 
dass das Fullmaterial (8, 10, 11) des Formkerns 
zum Beispiel Sand, kornformiges Material, Granu- 
lat oder Materialstucke aus z.B. Schaumstoff oder 
dergleichen wie z.B. dunne Scheiben, Kugeln, 
Streifen oder dergleichen sind. 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass das Fullmaterial (8, 10, 11) nach 
dem Ausharten oder Vernetzen des Verbundwerk- 
stoffs entfernt wird, indem das Fullmaterial ausge- 
saugt wird, 

bevorzugt indem das Fullmaterial Stucke (10) aut- 
weist, die einen kleineren Querschnitt als die 6ff- 
nung (3) in dem hergesteliten Gegenstand (1) hat, 
und welche Stucke durch Anlegen von Vakuum an 
den Hohlraum ausgesaugt werden, 
alternativ durch Verkleinern des Volumens des Full- 
materials (11) durch Anlegen von Vakuum an den 
Hohlraum und durch Aussaugen des Fullmaterials, 
nachdem das Volumen des Fullmaterials auf einen 
kleineren Querschnitt als die Offnung (3) in dem 
hergesteliten Gegenstand (1) verkleinert wurde. 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass das Fullmaterial nach dem Aushar- 
ten oder Vernetzen des Verbundwerkstoffs entfernt 
wird, indem ein Faden (12) oder dergleichen am 
Fullmaterial befestigt wird und indem das Fullmate- 
rial durch Ziehen am Faden herausgezogen wird, 
wobei bevorzugt das Fullmaterial Stucke (10) aut- 
weist, die einen kleineren Querschnitt als die Off- 
nung in dem hergesteliten Gegenstand hat, und 
welche StOcke durch den Faden miteinander ver- 
bunden sind, 

alternativ das Fullmaterial durch ein elastisch ver- 
formbares. Material (11) gebildet wird und das Vo- 
lumen des Fullmaterials auf einen kleineren Quer- 
schnitt als die Offnung (3) des hergesteliten Gegenr 
standes (1 ) verkleinert wird, wenn das Fullmaterial 
durch die Offnung des hergesteliten Gegenstandes 
gezogen wird. 

10. Verfahren nach Anspruch 1 , dadurch gekenn- 
zeichnet class das Fullmaterial (8, 10, 11) des 
Formkerns oder der Formkerne Materiafteile wie z. 
B. Tafeln, Stabe oder Stucke aus Holz oder anderen 
Material ien autweist, die mit einem Gerippe verbun- 
den sind, das im wesentlichen die Form des Hohl- 
raums oder der Hohlraume bildet. 
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11. Vertahren nach Anspruch 10, dadurch gekenn- 
zeichnet, dass das Fullmaterial (8, 10, 11) nach 
dem Ausharten Oder Vernetzen des Verbundwerk- 
stoffs durch die mindestens eine Offnung in dem au- 
Beren Teil des Formkerns Oder der Formkeme hin- 
durch zertrennt wird, zum Beispiel durch Zerschnei- 
den Oder dergleichen, und durch die Offnung oder 
die Offnungen hindurch entfemt wird. 

12. Form zur Verwendung bei dem Vertahren nach ei- 
nem oder mehreren der Anspnuche 1 bis 11 , welche 
Form mindestens zwei auBere Formteile (5, 6) auf- 
weist, in denen eine Senate herzustellen 1st, die ei- 
nen fertigen Gegenstand (1) bildet, und welche 
Form auBerdem einen Formkern (7, 8) aufweist, da- « 
durch gekennzeichnet, dass der Formkern einen 
auBeren Teil (7) aufweist, der aus einem flexiblen 
Material hergesteltt ist, dass ein von dem auBeren 
Teil getrenntes und verschiedenes Fullmaterial (8) 
in dem auBeren Teil enthatten ist und dass die zwei 20 
auBeren Formteile (5, 6) urn den Kern herum ange- 
ordnet sind, wodurch ein Zwischenraum (9) ausge- 
bildet wird, der den herzustellenden Gegenstand 
(1)festlegt. 

25 

13. Form nach Anspruch 12, dadurch gekennzeich- 
net, dass der auBere Teil (7) des Formkerns ge- 
schlossen ist, so dass sein Druck aktiv eingestellt 
werden kann, und dass das Fullmaterial (8) ein zu- 
sammenpressbares Material aufweist, das zusam- 30 
men mit dem auBeren Teil zusammengepresst wer- 
den kann, wenn der Druck in dem auBeren Teil unter 
den Umgebungsdruck erniedrigt wird. 

35 

Revendicatlons 

1 . Precede de production d'articles en materiau com- 
posite, par exemple en materiau arme de fibres tel 
que de I'epoxy ou du polyester arnte de fibres de *o 
verre, lesquels articles constituent des structures 
partiellement fermees contenant des cavites (2), 
procede dans lequel 

a) le materiau arme tel qu'un materiau matriciel *5 
et/ou f ibreux, qui peut eventuellement 6tre pre- 
impregne de materiau de moulage, est place 
autour d'un noyau de moule (7,8) compos6 
d'une partle externe (7) en materiau souple et 
d'un materiau de remplissage extractive (8,10, so 
11) disposes dans la partie externe (7), 

b) le materiau arme est moule avec le materiau 
de moulage, 

c) le materiau composite durcit ou seche ensui- 
te, et 55 

d) le materiau de remplissage extractive (8) du 
noyau du moule est extrait ensuite par au moins 
une ouverture de la partie externe souple du 



noyau du moule et ensuite extrait par au moins 
une ouverture (3) de Tarticle (1 ) produit, carac- 
terise en ce que le materiau de remplissage 
(8, 10, 11) du noyau du moule peut se mouler, 
5 et en ce que le materiau de remplissage (8,10, 

1 1 ) du noyau du moule ou des noyaux de moule 
comprennent un materiau compose de parties 
(10,11) substantiellement plus petites que In- 
tension du noyau du moule. 

10 

2. Procede selon la revendication 1, caracterise en 
ceque 

e) la partie externe (7) du noyau du moule, une 
fois que le materiau de remplissage (8, 10, 11) 
est extrait, est egalement extraite par I'ouver- 
ture (3) de Particle produit (1). 

3. Proc6de selon les revendications 1 ou 2, caracte- 
rise en ce que le placement de ('armature autour 
du noyau du moule ou des noyaux du moule se fait 
de telle facon que 

a1) une partie du materiau d'armature est pia- 
cee dans la premiere partie de moule externe 
(5) constituant une partie d'une partie de moule 
externe globalement femtee (4), 
a2) un ou plusieurs noyaux de moule (7, 8) sont 
ensuite places dans la premiere partie (5) de 
moule externe (7, 8), 

a3) du materiau arme supplemental est place 
autour du noyau du moule ou des noyaux du 
moule, et 

a4) une ou plusieurs autres parties de moule 
externe (6) sont placees en relation avec la pre- 
miere partie de moule externe (5) afin de former 
le moule externe globalement ferme (4). 

4. Proc6d6 selon la revendication 3, caracterise en 
ce qu'apres le placement du noyau du moule (7, 8) 
ou des noyaux du moule dans la premiere partie de 
moule externe (5) et avant le placement d'un autre 
materiau arme autour du noyau du moule ou des 
noyaux du moule, les parties accessibles du noyau 
du moule ou des noyaux du moute sont adaptees 
selon la forme souhaitee, de preference au moyen 
de gabarits ou equivalents, de tell ef agon que le ma- 
teriau de remplissage de moule (8, 10, 11) est rear- 
range dans la partie externe souple (7), par exem- 
ple par retrait ou ajout de materiau de remplissage. 

5. Procede selon les revendications 3 ou 4, caracte- 
rise en ce que le moule externe globalement f emte 
(4) a une connexion de d6pression et a un ou plu- 
sieurs orifices d'entree de materiau liquide, de telle 
facon que le moule, une fois ferme, soit en depres- 
sion et que simultanement le materiau liquide soit 
ajoute pour impregner le materiau d'armature. 
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6. Procede selon une ou plusieurs des revendications 
precedentes, caracterise en ce que la partie ex- 
terne (7) du noyau du moule ou des noyaux du mou- 
le est faite en Pun de ces materiaux : plastique, 
caoutchouc solide, materiau en mousse ou mate- 
riau deformable elastiquement similaire. 

7. Procede selon une ou plusieurs des revendications 
precedentes, caracterise en ce que le materiau de 
remplissage (8, 10, 11) du noyau du moule est par 
exemple du sable, un materiau en grains, des gra- 
nules ou des morceaux de materiau de par exemple 
du materiau en mousse ou equivalent, tel que des 
copeaux, billes, bandes ou equivalents. 

8. Procede selon la revendication 1 , caracterise en 
ce que le materiau de remplissage (8, 10, 11) est 
retire apres durcissement ou sechage du materiau 
composite par aspiration du materiau de remplissa- 
ge, 

de preference de telle facon que le materiau 
de remplissage comprend des morceaux (10) qui 
ont une section plus petite que Pouverture (3) de 
I'article (1) produit, et dont les morceaux sont aspi- 
res en appliquant une depression a la cavite, 

sinon en reduisant le volume du materiau de 
remplissage (11) en appliquant une depression a la 
cavite, et en aspirant le materiau de remplissage 
apres avoir reduit le volume du materiau de rem- 
plissage a une section plus petite que Pouverture 
(3) de Particle (1) produit. 

9. Procecle selon la revendication 1 , caracterise en 
ce que le materiau de remplissage est retire apres 
durcissement ou sechage du materiau composite, 
de telle facon qu'une ficelle (12) ou equivalent est 
attachee au materiau de remplissage, et de telle fa- 
con que le materiau de remplissage est extrait en 
tirant la ficelle, 

le materiau de remplissage comprenant de 
preference des morceaux (10) qui ont une section 
plus petite que I'ouverture de Particle produit, et les- 
dits morceaux sont relies les uns aux autres par la 
ficelle, 

sinon le materiau de remplissage est constt- 
tue d'un materiau deformable de facon elastique 
(11), et le volume du materiau de remplissage est 
reduit a une section plus petite que I'ouverture (3) 
de Particle (1) produit, lorsque le materiau de rem- 
plissage est titre par Pouverture de Particle produit. 

10. Procede selon ia revendication 1, caracterise en 
ce que le materiau de remplissage (8, 10, 11) du 
noyau du moule ou des noyaux du moule comprend 
des parties de materiau, telles que des planches, 
batons ou morceaux de bois ou d'autres materiaux, 
qui sont relies en un squelette, qui constitue globa- 
lement la forme de la cavite ou des cavites. 



11. Procede selon la revendication 10, caracterise en 
ce que le materiau de remplissage (8, 10,11), apres 
durcissement ou sechage du materiau composite, 
est separe par ladite au moins une ouverture de la 
5 partie exteme du noyau de moule ou des noyaux 
de moule, par exemple en le decoupant ou equiva- 
lent, et qu'il est retire par Pouverture ou les ouver- 
tures. 

io 12. Moule a utiliser dans le procede selon une ou plu- 
sieurs des revendications 1 a 1 1 , lequel moule com- 
prend au moins deux parties de moule exteme (5, 
6), dans lesquelles une coque constituant un article 
fini (1) est determinee pour sa production, et lequel 

is moule comprenant egalement un noyau de moule 
(7, 8), caracterise en ce que le noyau de moule 
comprend une partie externe(7) faite en un mate- 
riau souple, et en ce qu'uri materiau de remplissa- 
ge (8) separe et individuel dans sa relation avec la 

20 partie exteme est contenu dans la partie exteme, 
et en ce que les deux parties de moule exteme (5, 
6) sont disposees autour dudit noyau formant ici un 
intervalle (9), ce qui determine Particle (1) a produi- 
re. 

25 

13. Moule selon la revendication 12, caracterise en ce 
que la partie exteme (7) du noyau de moule est fer- 
mee, afin que sa pression puisse etre ajustee acti- 
vement, et en ce que le materiau de remplissage 
30 (8) comprend un materiau compressible, qui peut 
etre compresse avec la partie exteme, si la pression 
dans la partie exteme est abalssee a une valeur in- 
ferieure a la pression ambiante. 
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